The effects of attention on visual evoked potentials triggered by motion-onset were examined in four experiments. A set of randomly oriented bars was used as stimuli. The first experiment showed that responses to motion-onset following pattern-onset by less than 300 ms were suppressed. In the other three experiments, the amplitude of N170 was reduced when attention was drawn away from the moving elements and towards spatially interspersed bars that remained static. The superposition of the two sets made spatial selection unlikely. These results support the existence of an attentional 'motion filter' (separating stationary from moving elements) that can operate at early stages of visual processing.
Introduction

Space and 6isual attention
Visual attention is frequently assumed to be organized around space (Treisman, 1988; Theeuwes, 1993) . It has been compared to a spotlight (Posner, 1980 ) positioned within a low-level, array-format representation of the visual field (Vecera & Farah, 1994) . By this metaphor, all information arising from within the beam (usually conceived as a compact 2-D locus) would receive preferential processing, whereas information coming from outside the beam would be weakly processed at best (Yantis, 1992) . Moreover, some theories have posited an additional role for spatial selection, that of binding aspects from the same object that are represented in different feature maps (e.g. Treisman & Gelade, 1980) . Space would therefore be a special attribute, quite distinct from other types of features such as color, form or motion (Treisman, 1988) .
VEPs can provide clues about the timing, sequencing, and possible anatomy of the operations involved in attentional selection. This information has rapidly accrued in the case of visual spatial attention (reviewed in Mangun, 1995; Mangun & Hillyard, 1995; Hillyard, Anllo-Vento, Clark, Heinze, Luck & Mangun, 1996) . Notably, attentional modulation of the amplitude of early VEP components P1 and N1 is achieved with invariant latencies and scalp topographies, suggesting that 'gain control' of stimulus-driven processes is involved. These VEP studies provide clear evidence for spatially based attentional selection in vision. The relatively short latencies of P1 and N1 (from 80 to 120 ms, and from 160 to 200 ms, respectively) are consistent with 'early' selection models.
Another important finding is that when relevant and irrelevant stimuli occur at the same location, attentional selection on the basis of other cues (such as color) is associated with late, prolonged, slow negativities (reviewed in Näätänen, 1992 and Hillyard et al., 1996) that have been called 'selection negativities' (SN). In contrast with the effects on P1/N1 amplitude, these later SNs present scalp topographies which are different from the underlying exogenous components. When attention to space is combined with selection by non-spatial attributes such as color or motion (e.g. Hillyard & Mü nte, 1984 ; Anllo-Vento & , the SN effects were contingent to the prior selection of location.
The fact that, up to now, modulation of the early P1/N1 components has only been associated with spatial selection is seen as support for a unique role for space in visual attention. It is important to note that all these VEP studies have used stimuli consisting of pattern onsets with abrupt luminance increments, which are traditional in electrophysiological studies of the visual system. Sudden pattern-onsets may be specially powerful in capturing attention due to the associated luminance increment (Yantis & Jonides, 1990) , or to the fact that they create a new object (Yantis, 1993; ).
Motion, attention and VEPs
In most of the studies reviewed above, static patternonset stimuli were used. Once an object was presented at one site it did not move. Understanding what happens in scenes containing moving objects is very important. Motion is ubiquitous in natural scenes, and is a powerful clue for perceptual segmentation (Stoner & Albright, 1993) . VEPs can be elicited by motion-onset, and also exhibit P1 and N1 components (Gö pfert, Mü ller & Simon, 1990; Kuba & Kubová, 1992a,b; Bach & Ullrich, 1994) . Several studies suggest that the physiological bases of the pattern and motion onset VEPs are different (Schlykowa, van Dijk & Ehrenstein, 1993; Kubová, Kuba, Spekreijse & Blakemore, 1995) .
At least two experiments have also examined attentional effects on moving stimuli. In both, a square was briefly flashed at one site, and then at nearby locations to produce an illusion of motion. In one of these studies (Neville & Lawson, 1987 ) the participants had to attend selectively to either one visual hemifield, or at fixation, in order to detect infrequent stationary targets. In the other report , the participants had to attend selectively to one visual hemifield but only to stimuli selected either on the basis of color or the direction of motion. In both studies, P1 and N1 amplitudes were enhanced in the attended hemifield (spatial selection). However, selection on the basis of motion-direction alone was reflected by a SN, which appeared contingent to prior selection of the relevant location .
These results would seem to indicate that motion behaves like other non-spatial attributes, and that motion-onset VEPs are affected by attention in much in the same way as pattern-onset VEPs. In other words, they suggest that only space would be capable of modulating the early P1 and N1 components. This would be interesting given the possibly different physiological basis of these two types of VEP. Nevertheless, in the two studies described above, an overlap of pattern and motion onset responses was probably obtained, since the squares were flashed on at the same time that they began to move. Therefore the results could be attributed to the contribution of the pattern-onset contaminants. A different stimulation scheme might be necessary in order to isolate the motion-onset VEPs to allow an examination of the effects of attention on these responses.
Challenges to a special role for space
Several psychophysical studies, inspired by objectbased models of attention, have challenged the special role of space in visual attention (Duncan, 1984) . In this type of model, pre-attentive processes of perceptual organization generate entities (perceptual groups, surfaces, or objects) that are selected as unified 'chunks' of information (see review by Egeth & Yantis, 1997) . Hence, spatial proximity would be just one factor among others contributing to perceptual organization.
One line of research concerns the 'flanker' paradigm (Eriksen & Eriksen, 1974) , originally a source of support for the spotlight metaphor. In this paradigm, distracter to target interference increases as the two are bought closer together. However, this pattern of results is completely reversed (Driver & Baylis, 1989) , if the distant distracters are grouped with the target through common motion while the proximal distracters remain stationary. Thus, perceptual grouping can overcome the influence of spatial proximity. This indicates that space is not necessarily the most important factor determining what is selected together.
Another line of research, originally producing data supporting space-based attention, comes from visual search experiments (Treisman, 1988) . There, the time to find a target depends quasi-linearly on the number of distracters items, specially when the target is defined by the conjunction of two different attributes. This has been explained (c.f. feature integration theory, Treisman & Gelade, 1980) by the need to move the attentional spotlight sequentially to the sites occupied by the items. Nevertheless, the search can be fast and largely independent of the number of distracters if these and the target are segregated within the scene by motion. (McLeod, Driver & Crisp, 1988; McLeod, Driver, Dienes & Crisp, 1991; Driver & McLeod, 1992; Duncan, 1995) .
These studies show that the segregation of a scene, into stationary and moving items, is just as powerful in guiding attentional selection as the more widely recognized factor of spatial proximity. To explain the results, Driver and collaborators (McLeod et al., 1991) have proposed that a 'motion-filter' allows a separate representation of stationary and moving items. The motion filter is seen as implemented in the visual motion-processing pathway that can be traced from the magnocellular input to V1 up to MT/MST and allied areas of the cortex (Desimone & Ungerleider, 1989; Merigan & Maunsell, 1993) . This implies that visual search could take place in parallel in two perceptual maps of visual space, one corresponding to static and the other to moving items.
Recent evidence provides support for this notion. The increased speed in visual search obtained by segregating target and distracters through relative motion, is absent in a case with akinetopsia (McLeod, Heywood, Driver & Zihl, 1989) presumably caused by bilateral lesions of MT.
The present study
In the present study, the interaction between pattern and motion onset VEPs, as a function of the asynchrony of these two events was first studied in experiment 1. This information about timing was then used to isolate the motion-onset VEPs from the pattern-onset VEP in the three other experiments.
In the other experiments, participants were presented with a set of stationary items that split into a subset that abruptly began to move and a subset that remained static. The two subsets were spatially interspersed (thus precluding selection by a spotlight), and attention was directed in turn to each type of stimulus by different tasks. This type of selection is based on the scene-segmentation induced by relative motion. Its effects on early visual processes were examined, as indexed by motion-onset VEPs. Several previous studies have demonstrated attentional effects on the motiononset VEP (Valdes-Sosa, Bobes, Sierra, Echevarria, Perez, Bosch & Valdes-Sosa, 1994; Valdes-Sosa, Bobes, Rodriguez & Pinilla, 1998) with somewhat different stimuli. The spatial extent of the static-task varied from very local in experiment 2, to predominantly global in experiment 4.
Experiment 1
As discussed above, previous experiments measuring the effects of attention on VEPs elicited by moving stimuli (Neville & Lawson, 1987; used patterns that were presented at the same time that they began to move. This could have produced a superposition of VEP components elicited by pattern (and luminance) onset with VEP components elicited by motion onset. The present experiment examined the interaction between these two sets of components as a function of their temporal separation. VEPs were recorded for several values of pattern to motion onset asynchrony. The aim of the experiment was to determine if the pattern-and motion-onset ERPs were simply superimposed (added linearly) or if more complex interactions were present.
Materials and methods
Participants
All participants (Ss) had normal, or corrected-to-normal, vision and no history of neurological disorders. Informed consent was obtained from each participant after the nature of the study was fully explained. The sex and age distribution of the Ss participating in this, and the following experiments, is described in Table 1 .
Stimulus material
Computer generated visual stimuli were presented on a color monitor screen (28 cm high and 38 cm wide) 100 cm from the participants eyes. Thus, the total stimulus field subtended an area of about 8× 11°. The frame rate was 75 Hz, and pixel resolution was 640× 480. The stimuli consisted of 50 white bars painted on a black background with randomly selected locations and orientations, which changed from trial to trial. The bars were about 3.5 cm long and 2 mm wide, which corresponded to about 2°of length and 0.12°of width. The bars were first presented motionless, and after a variable delay abruptly began to move smoothly. The bars all moved in the same direction that was selected randomly for each trial (100% coherence). Possible directions of motion varied in steps of 18°. The speed of the moving bars was about 10 deg/s, and roughly equal for all directions. If a bar moved off the screen, it was wrapped around to an opposite but symmetrical position. Thus the spatial density of the bars was kept approximately constant.
Procedure
Before each trial a fixation point was drawn at the center of the dark screen, which signaled that the participants could initiate the trial by pressing the space bar of the computer keyboard with their right hand. After a 500 ms delay the bars appeared on the screen, replacing the fixation point. This was considered to be the pattern-onset. After a variable delay, the bars began to move (motion-onset) and did so for 1000 ms, after which the screen went blank. Trials with a different duration of the interval between pattern and motion onset were randomly interleaved. The pattern to mo- For every participant, averaged VEPs synchronized with pattern-onset were obtained for all recording sites, for each stimulus condition. The principal peak amplitudes (with respect to the mean pre-stimulus amplitude) were measured for each Ss. Grand average VEPs were also calculated over the sample of Ss for each site and condition.
Results and discussion
The VEP at Oz obtained with an 800 ms SOA is depicted in Fig. 1 , for the group of nine Ss. In this condition the components elicited by pattern-onset and motion-onset were clearly separated, and the morphology and scalp distribution of the two sets of VEPs presented some differences. After pattern-onset, the first component was a small P65 (not present in all participants) followed by a slightly later P85. Later peaks included N125, P210 and P230 peak. After motion-onset the sequence of peaks was P95, N170, P260 and N320. Additional minor peaks were observed in some subjects.
The grand average VEPs, obtained with the ten-subject group at Oz are shown in Fig. 2A for the four pattern-motion asynchronies. Whereas the motion-onset components were large for the 500 and 300 ms pattern-motion asynchronies, these responses were much smaller for the 100 ms condition, and not seen at all with 0 ms delay between pattern and motion onset. Thus the VEP associated with simultaneous onset of the bars and their motion was dominated by the pattern-onset response.
This masking of the motion-onset response in presence of the pattern onset response can be observed more clearly by examining the first half-second of the derived response. These were obtained by subtracting the VEP associated to the 500 ms condition (containing only pattern-onset components) from the VEP from the 0 ms condition (which should contain both pattern and motion onset components). The derived response thus obtained is much smaller than the motion-onset response observed in the later part derived responses corresponding to longer delays. For the longest delay the motion-onset response is not affected by patternonset. The mean and standard errors of the P95/N170 peak to peak amplitudes at Oz, measured in the derived responses and the 500 ms condition for each Ss, are shown in Fig. 2B . The responses were significantly smaller (t(8)= 2.98, PB 0.019) in the derived responses than in the 500 ms condition, a result that confirmed the masking of the motion-onset components by the simultaneous onset of patterns with motion.
Pattern and motion onsets elicit two different sets of components, as reflected by their distinct temporal structure and scalp distributions. The response to pattern-onset strongly masked the VEP elicited by motiontion stimulus-onset-asynchronies (SOAs) used were 0, 100, 300 and 500 ms. For each duration, 100 stimuli were presented. To observe the motion-onset VEP more clearly for descriptive purposes, in a separate group (9 Ss), a SOA of 800 ms was used. The participants were instructed to look at the fixation point, to passively observe the motion, and to minimize body and eyemovements until screen blackout.
Electrophysiological recording and data analysis
Electrophysiological data acquisition and analysis were carried out on MEDICID 3M systems. Disk electrodes (Ag/AgCl) were placed with electrolytic paste on nine active derivations (T5, T6, P3, P4, O1, O2, Pz, Cz and Oz) of the 10/20 international system. All active electrodes were referred to linked earlobes. Inter-electrode impedance was always kept below 5 kV. Bipolar derivations were used to record the EOG, with electrodes just lateral to the external canthi for the horizontal movements and 1 cm above and below the left eye for the vertical movements.
The signals were filtered between 0.5 -70 Hz (3 dB down). Additionally, a notch filter with peak at the power line frequency was used. In each trial marks corresponding to pattern and motion onset were co-registered with the amplified and digitized EEG (12 bit resolution) which was sampled at a rate of 200 Hz, and stored on magnetic disk for off line analysis. The continuous EEG record was windowed with a pre-stimulus baseline of 100 ms before pattern-onset, and a 1000 ms post-stimulus epoch. Each EEG segment was visually inspected and those with artifacts or excessive activity in the EOG were eliminated. onset if it followed the former at short intervals. At least two different, but not mutually exclusive, explanations for this effect can be entertained. The first is that the overlapping VEPs elicited by pattern and motion onset have common neural generators, and a process of physiological 'occlusion' would obtain. Independent generators in a volume conductor would have called for additivity of the pattern and motion onset VEPs, an alternative rejected by this experiment.
The second explanation is that some common processing resource is necessary for the generation of pattern-onset and motion-onset perception, even if they do not share common generators. This resource could be attention. Several studies by Yantis and collaborators (Yantis & Jonides, 1990; Yantis, 1993) have stressed the idea that abrupt pattern-onsets/luminance-increments capture attention automatically. Interestingly, in their studies motion does not capture attention to the same degree as pattern-onset. In fact, motion onset will draw attention only if it is task relevant . If pattern-onset draws attention automatically, the latter would not be immediately available for processing motion-onset.
Whatever the explanation, there are clear implications of these finding for VEP studies of attention to moving objects. A sufficiently long delay (from 300 to 500 ms) must be introduced between pattern-onset and motion-onset if an adequate observation of components related to motion is to be achieved. With delays this long the two responses seem to interact linearly. This The grand average VEPs (ten Ss), from Oz for experiment 1 are depicted for each condition associated with a different SOA. Note that for zero SOA only the pattern-onset VEP is observed. In the last row the derived response obtained by subtracting the VEP for the 500 ms SOA condition from the VEP for the 0 ms SOA condition. (B) Mean and standard error of the peak-to-peak amplitude measure at OZ of the motion-onset VEP P95-N170, for all subjects from experiment 1, for the 0 ms SOA condition and the derived response. Note also that these data are from a different group than for Fig. 1 . information was used in the design of the following three experiments.
Experiment 2
In this experiment, motion-onset VEPs were examined while the Ss attended one of two spatially intermingled sets of bars. One of the sets consisted of bars that began to move in each trial (used to trigger the motion-onset VEP). The other set consisted of static bars. In different blocks of trials, the Ss had to either judge the coherency of motion in the dynamic bars, or detect a color change in one of the static bars (a 'local' visual search task). Both tasks were selected to be difficult, and to demand close scrutiny of approximately the same region of visual space. Therefore if space were the only basis for early selection, no effects would be expected on P1 and N1 in this experiment.
Materials and methods
Stimulus material
The stimuli consisted of 100 light green bars (VGA 6 bit coding: 21,63,21) drawn on a black background with randomly selected locations and orientations which changed from trial to trial. The area in which the stimuli were presented was a horizontal rectangle of about 8×11°of visual angle. The bars were presented motionless for 700 ms, after which a randomly selected half began to move smoothly in directions that depended on the condition for each trial. Thus the original set of bars was split in each trial into a static and a dynamic set (see Fig. 3 ).
From trial to trial, the coherence of bar motion was varied between two levels. In the 50% coherence condition half of the bars were displaced in the same direction, which could take one of twenty directions (that varied in steps of 18°). The other bars moved incoherently. Over trials the possible directions of coherent motion were randomly sampled without replacement until all had been presented. In the 0% coherence condition, all bars moved incoherently. To produce incoherent motion, the different possible directions were randomly assigned to each bar. The degree of coherence, the members of the coherent subset, and the different directions for the incoherent elements were all selected randomly trial by trial.
Optionally, the color of one of the static bars could change at the same time when the dynamic set of bars began to move (Fig. 3) . The change was to a yellowgreen hue (VGA coordinates: 34, 63, 8) , selected because it was difficult to detect among the green bar distracters. Thus, the color of the static bars was either all green, or one yellow-green bar amidst green bars.
The percent of coherent motion and the salience of the color change were selected after informal pilot studies that showed that the corresponding tasks were difficult and were performed by the experimenters at 70-80% correct.
Procedure
Two blocks of trials were presented on the same day, and in each the Ss had to perform a different task. A block included 70 trials for each of the four possible combinations of motion coherence and static color levels. This resulted in a total of 280 trials in one block, with the whole session lasting about 20 min.
In the attend-motion task, the Ss had to classify the degree of coherent motion displayed by the dynamic bars, and were instructed to ignore the static bars (and possible color changes). In the attend-static task, the Ss were asked to ignore the dynamic bars and to detect any color change in one of the static bars. The order of task presentation was counterbalanced over Ss.
Before each trial a fixation point was painted at the center of the dark screen, which served as a warning that the participants could initiate the trial by pressing the space bar of the computer keyboard with their right hand. After this, the bars appeared on the screen, replacing the fixation point. After 700 ms of delay, motion of half the bars began and lasted for 1000 ms after which the screen went blank. Then a signal appeared on the screen instructing the participant to classify the trial. The participants indicated their response by pressing one of two keys with their left hand (forced choice), each of which had been assigned to one of the conditions in correspondence with the task.
The participants were instructed to minimize body and eye-movements during the experimental runs. A practice run of about 50 trials was performed before data collection. Discrimination behavior was analyzed using the Signal Detection Theory (Green & Swets, 1966) . The use of d% permits an assessment of the accuracy of performance without contamination from variations in criterion (response bias).
VEP analysis
Recording conditions were as described in experiment 1. Separate VEPs, each with a 100 ms pre-stimulus baseline, were obtained synchronized with pattern-onset and motion-onset for each condition and all electrode sites. Due to the relatively long wait between pattern and motion onsets, slow potentials (possibly contingent negative variations) built up during this delay. To reduce contamination due to these slow waves, the VEPs were digitally high-pass filtered (fourth-order Butterworth, low-cut at 2 Hz, zero phase delay). The mean amplitude in pre-defined time windows centered on the principal peaks was measured for all VEPs. The mean amplitude from the pre-stimulus baseline was subtracted from these measures. The limits of the time windows (also used in the next experiment) are described in Table 2 .
Amplitude measures were submitted to several repeated measures ANOVAs. First, the effects of varying the coherency of motion and the color of a static bar were assessed. Then the effects of TASK (attend-motion versus attend-static) and SITE (nine electrode placements) were examined. When appropriate the Greenhouse-Geisser procedure was used (in which case the epsilon values are reported) to mitigate violations of the sphericity assumption in repeated-measures designs (Jennings & Wood, 1976) .
Results
Signal detection performance
Whereas both tasks were difficult, eliciting a significant proportion of errors, the attend-static task was more so. The mean proportion of correct responses in the motion task was 84.8%, significantly above the 57.4% correct found in the attend-static task (t(9)=-8.27, PB 0.0001). The corresponding mean d% values were 2.17 in the motion task and only 0.39 for the color task (t(9)= −10, PB 0.0001). The mean log beta scores were both near zero and not significantly different between tasks (t(9)= 0.58. P\ 0.3).
VEP wa6eforms
Neither coherency of motion, nor static-bar color change produced observable modulations of the VEPs, nor did these factors produce any significant effects in any of the ANOVAs performed. The interactions of these factors with TASK were also not significant. Therefore in the subsequent description, VEPs from each task are collapsed over coherency and color.
Comparison of the grand average VEPs from two tasks suggests that differences were present in both the pattern-onset and motion-onset related components. In the attend-static task the region around the pattern-onset related P210 was more negative than the corresponding measure in the attend-motion VEPs. However this effect was not significant in the rm-ANOVA.
Very clear effects of TASK were found at several of the time regions measured on the motion-onset VEPs (Fig. 4) . The most notable effect was on N170. This component at Oz had a grand mean amplitude of − 5.6 mV in the color task, whereas the corresponding value for the motion task was −8.20 mV. This enhancement of N170 was highly significant (F (1,9) = 16.3, PB 0.003). The latency of N170 was not affected by the task. The increased negativity associated with attend-motion had the same scalp distribution as N170, which was reflected by the lack of interaction between TASK and SITE on the amplitude measure in this time region, in the presence of a significant SITE effect (F (8,72) = 9.1, PB 0.009, (m=0.29).
An earlier effect of attentional shift was apparent around the motion-onset P95, consisting of an enhanced positivity for attend-motion. However this effect failed to reach significance. A later task related effect was found after about 200 ms. This effect con- sisted of a long duration, broadly distributed negativity, larger at parietal sites, which overlapped both P260 and N320. This negativity was larger for the attend-static, and the effect was significant in the time region around N320 (F (1,9) = 12.3, PB 0.003). The interaction of TASK and SITE on this measure also was significant in this time window (F (8,72) =5.7, P B 0.005, m = 0.35), suggesting that VEP scalp topography changed between tasks.
Discussion
Large modulations of the motion-onset VEPs as a function of the task were found, in the presence of invariant physical stimuli. One effect (around the N320 of the motion-onset VEP) is a relatively late, long duration enhanced negativity for the attend-static (color) task as compared to the attend-motion task. This effect is associated to significant changes in the voltage scalp distribution. These characteristics are consistent with an endogenous component superimposed on the exogenous VEPs, and has some similarities with the SN related to color selection described by several authors (Harter & Salmon, 1972; Hillyard & Mü nte, 1984; Aine & Harter, 1986; Wijers, Mulder, Okita & Mulder 1989; .
The most interesting effect was the enhancement of N170 amplitude during the attend-motion task relative to the attend-static task. The amplitude variation was not accompanied by changes in the peak latency of N170 or the scalp distribution of the amplitude measures. This suggests that the effect was due to the gain control of an exogenous component. The fact that the P95 was somewhat more positive in the attend-to-motion task contributes to the conclusion that the increased negativity corresponds to a modulation of N170.
In this sense, the effect of task variation on N170 is similar to the effects described with spatial selection of the pattern-onset P1 and N1 (Eimer, 1993 (Eimer, , 1994 Luck, Hillyard, Mouloua, Woldorff, Clark & Hawkins, 1994) . However, in these studies selection between completely disjoint locations was involved, locations that were placed at a relatively large distances form each other. In the present experiment, attention switched between two sets of items that were interspersed in the same region of visual space. The present result would be difficult to explain by the classical conception of a roving spotlight with a beam of fixed diameter (Eriksen & Eriksen, 1974; Posner, 1980) . Several authors have proposed that spatial attention could be likened to a 'zoom-lens', with processing resources either concentrated at a restricted locus or spread more thinly over a wider region (Eriksen & St. James, 1986 ; see also Downing & Pinker, 1985) . A 'zoom-lens' beam of attention could be involved in the modulation of N170 in the present experiment. The size of the attentional-window could be different in the two tasks. Motion coherency (an ensemble property) is judged by attending to all the dynamic bars that cover the whole screen. The color change involves one small bar that must be searched for serially, because of the task difficulty due to the similarity in hue of target and distracters. This suggests that window of attention is larger in the attend-motion than the attend-static task.
However this explanation is problematic, because distributing attention over a larger region tends to reduces the P1/N1 amplitudes, as found in several divided attention experiments (Luck et al., 1994) . This is exactly the opposite result found in the present experiment, where the largest response is found for the task (attend-motion) that probably has the largest attentional-window. Nevertheless, the possible contributions of attentional-window size must be tested empirically, which was the goal of the next experiment.
Experiment 3
In the previous experiment, one task was used to draw attention to moving stimuli, and a different task was used to draw attention to stationary stimuli. The same logic was employed in the present experiment, but a task that required more distributed attention was used for the attend-static condition. Detection of coherent motion requires sampling more than one element. The attribute to be discriminated does not belong to an isolated element, but rather to the collective behavior of many elements. Hence the task concerning the static bars should also depend on a collective property.
Here, the detection of a texture border defined by the orientation of the static bars (Beck, 1983; Nothdurft, 1990 ) was used to direct attention away from the moving elements. This is not a completely 'local' task but requires integration of the information along the border of two different texture regions. Two types of display were presented. In one the texture was homogeneous over the whole screen, with all bars fluctuating in orientation around the same mean angle respect to the horizontal. This background variance was introduced to make the task more demanding (Duncan & Humphreys, 1989; Nothdurft, 1991) . In the other display, the screen was split in half by a randomly oriented border, which presented textures differing in the mean angle of element orientations between the two regions (Fig. 5) .
Texture of stationary bars is also an ensemble property (for experiments with related stimuli see Nothdurft, 1991) , therefore it was expected that the detection of the texture border in the heterogeneous displays would only be possible by attending to large regions of the screen.
Pilot studies, using the same timing as experiment 2, indicated that the availability of texture (albeit partially masked by the still immobile dynamic set) for 700 ms before motion-onset and then 1000 ms more during motion, made the texture-border detection task too easy. Therefore, the pattern to motion onset asynchrony was reduced in this experiment to the smallest delay (300 ms) at which the motion-onset VEP was not masked by the pattern-onset response (see experiment 1).
Materials and methods
Stimuli
As in the previous experiments, 100 static bars were presented at the beginning of each trial. After a delay of 300 ms, this collection split into dynamic and static subsets. As in experiment 2, two levels of motion-direction coherency (0 and 40%) were randomly selected for the dynamic bars on each trial.
The static bars were painted in two different texture patterns based on the angle of orientation of the bars (see Fig. 5 ). In one case, the angle of orientation of all the bars respect to the horizontal were selected with a uniform distribution 25°wide, centered on a value randomly selected on each trial. This was the homogeneous texture. In the other case, the screen was bisected with a randomly oriented imaginary line passing through the center. Within each of the two region thus defined, the orientations of each bar were selected as described for the homogeneous case, with the condition that the mean orientations between regions had to differ by 20°(see Fig. 5 ). This induced an illusion of a border, defined by texture differences, between the two regions of the display. 
Procedure
As in experiment 2, two blocks of trials presented on the same day (in counterbalanced order over Ss). The structure of the trials was as before. However, the Ss now were instructed in one block to perform the attend-tomotion task and in the other to classify the static bar texture into homogeneous and heterogeneous (the attend-to-texture task). A block included 100 trials for each of the four possible combinations of motion coherence and static texture levels. This resulted in a total of 400 trials in one block, and the session lasted about 1 h.
Electrophysiological recording and data analysis was identical to previous experiments except that pattern and motion onset related VEPs were examined in the same epoch. The pre-stimulus window in the VEPs was stretched out to 100 ms before pattern-onset, that is 400 ms before motion-onset. Since the delay between pattern and motion onset was small (300 ms), large slow potentials did not develop in this interval and additional filtering was not necessary as in the previous experiment.
Results
Signal detection performance
The mean accuracy was of 89.5% for discrimination of motion coherency and 69.8% for texture segmentation detection. This difference in accuracy was significant (t(8)= −2.77, PB 0.012). The mean d% measures for the two tasks were 3.61 and 2.08, respectively. This difference was significant (t(8)= −2.43, P B 0.021). However, the between task differences were smaller than in experiment 2.
VEP wa6eforms
No significant effects were found due to the degree of coherency of motion, or to the homogeneity of texture. Therefore, the VEPs for the attend-motion and attendtexture conditions were collapsed over these two factors for all further analysis.
The pattern-onset segments of the VEPs in the two tasks were not very different (Fig. 6) . However a small enhancement of N125 was observed in the attend-motion task relative to the attend-texture (mean amplitudes −0.75 versus −0.15 (V), which was significant in the ANOVA (F (1,8) = 7.9, PB 0.023). This enhancement was found to be significant at T5, P3 and Pz in planned comparisons.
The VEPs obtained in the attend-motion task were significantly more negative than the corresponding VEPs in the attend-texture task in the N170 time window (F (1,8) = 16.6, PB 0.004). The a mean amplitude for attend-motion was about − 4.27 mV, and the homologous measure for attend-texture of about − 2.83 mV. Planned comparisons evidenced that the enhancement was significant at all sites except Cz, and most significant at O2 (F (1,8) =15.4, P B0.005) and T6 (F (1,8) = 17.8, P B0.003). The VEP was also more negative for the attend-motion task in the P260 region (F (1,8) =14.5, PB 0.005), an effect present at O1, O2, T5, T6 and Oz.
Observation of the VEPs in Fig. 6 indicates that the scalp distribution of the late negativity overlapping P260 was distributed more anteriorly than the N170, or of the enhancement of this component during the attend-motion task. This variation in scalp distribution for the two negativities was tested on the difference waveforms obtained by subtracting the attend-motion from the attend-static VEPs. Amplitude measures for the N170 and P260 windows were obtained for all subjects. These measures were submitted to a rm-ANOVA with WINDOW by SITE as factors. The individual vectors were first normalized across sites. The interaction term was significant (F (8,64) = 3.8, PB 0.04, m =0.42), indicating that the enhanced negativities in the attend-motion situation had in fact divergent topographies for the N170 and P260 time windows.
Discussion
The amplitude of N170 was enhanced when the Ss attended the moving objects as compared to when they attended the immobile objects. This result replicates the principal finding of the previous experiment, and reducing differences in attentional-window size, contributes to narrow the scope of possible interpretations. However, the fact that significantly more negative values were also found for the time window adjacent to N170, opens the issue of whether the pattern of results of this experiment could be explained by an augmented endogenous component overlapping several peaks in the motion-onset VEP. This corresponds with the notion of a SN.
Examination of the scalp distribution of the increased negativities corresponding to the attend-motion task for the different time windows reveals that they are not equivalent. The effect effects near N170 and P260 (while larger at posterior sites in both cases) are clearly differentiated at Oz. The larger enhanced negativity is largest at O2 and Oz in the N170 time window, but very small for Oz in the P260 region. In fact the negativity in the P269 neighborhood is larger over the left side of the head. The impression of a difference in topography was supported by the ANOVA designed to test it, and is inconsistent with the idea that a single broad component is responsible for all of the changes due to attention in this experiment.
Several studies (Bach & Meigen, 1992; Lamme, van Dijk & Spekreijse, 1993) have reported negative potentials in the 200 ms range that are related to the onset of stimuli containing texture borders. Comparison with recordings elicited by textures without internal boundaries show that these potentials reflect either the processing of orientation-contrast for the texture defined borders or the processing of global texture segregation. This type of potential was probably present in the pattern-onset response of the heterogeneous texture and it would be interesting to examine the effects of attention on this type of component.
Experiment 4
Despite attempts to control for attentional windowsize in the previous experiment, it could be argued that texture segregation for line segments still depends basically on local orientation gradients (Nothdurft, 1985 (Nothdurft, , 1991 . Therefore, the VEP effects described above could still be contaminated by changes in attentional-window size (in other words a change from a 'global' scale in attend-motion to 'focal' scale in attend-texture). In view of this, it would be more convincing to employ a truly 'global' texture task (as suggested by a reviewer).
A global sense of orientation can be judged for textures, depending on the coherency of the orientations of the individual line segments, as described in a recent study (O' Donnell & Raymond, 1997) . Here the design of experiment 3 was modified to include this novel global texture discrimination task. As in previous experiments, a collection of stationary bars was briefly split into static and moving subsets and two different tasks were used to shift attention amongst them. However, the experimental design was modified to introduce several important controls.
Firstly, the two-alternative tasks of previous experiments were replaced by more demanding paradigms. Here, subjects were required to indicate the direction of dominant motion and the global sense of orientation for the subset of bars that moved and remained stationary, respectively. Secondly, an indirect estimation of the size of the attentional-windows for each of the tasks was obtained, in order to ascertain that the two were equivalent. This is an important comparison since the principal motivation of the present experiment was to measure the effect of attention on N170 without the confound of variations in attentional-window size. Thirdly, an effort to equate the difficulty of the two tasks within each subject was made. In the previous experiments the difficulty of the two tasks were not equivalent. The parameters varied in this experiment were the degree of motion-coherency and the degree of orientation-coherency.
Finally, the motion-related VEP was estimated in a way that reduced contamination by the pattern-onset response. As demonstrated in experiment 1, if a sufficiently long SOA is interposed between pattern and motion-onset, the corresponding VEPs are linearly superimposed. Therefore, control trials on which no motion was present were used to estimate the pattern-onset VEPs, which were then subtracted from the recordings with motion.
Materials and methods
Materials and methods were identical to the previous experiment except as described below.
Stimulus material
Two hundred light-green bars (VGA: 21,63,21) were drawn at random locations (different for each trial) within an imaginary circle with a diameter of about 6.9°a nd centred on the fixation point. The background was black. The bars were about 3.5 cm long and 2 mm wide, which corresponded to about 2°of length and 0.12°of width for a distance from the subjects of about 60 cm. The bars were oriented horizontally, vertically, or along the two diagonals (i.e. 45°steps). Orientation was selected randomly for each bar, with roughly the same probability for all orientations. It was difficult to extract a global sense of orientation when the bars were stationary.
The sequence of events within a trial was as follows. First the fixation point was displayed together with a text reminder of which task was demanded. The fixation point was a small light-green circle of 28 arcmin diameter at the centre of the screen. Participants triggered stimulation by pressing the keyboard spacebar. The bars were presented motionless for 400 ms, after which half moved. Thus the original set of bars was split in each trial into two spatially intermingled sets (static and dynamic). Individual bar orientations was not affected by motion. During VEP recording, pattern-onset control trials were used in which the same sequence of events was presented, except that motion was absent.
Motion in the dynamic set consisted of brief (150 ms) linear displacements only in the cardinal and diagonal directions (in other words in steps of 45°resulting in eight alternatives) and with a speed of about 3 deg/s. This motion was partially coherent, with a majority of bars moving in a common (randomly selected) direction, and the other bars moving in the seven remaining directions. After motion stopped, the bars were present for an additional 1000 ms, and then erased.
Coherence of bar orientation was different for static and dynamic sets. Within the static set, a majority of bars had the same (randomly selected) orientation. The orientations of the remaining bars were equally distributed among the three remaining directions. A complementary distribution of orientations was present in the dynamic set. A global sense of orientation could be perceived for the static set (ignoring the dynamic set), but only during the brief period of motion.
Procedure
Fixation at the fixation point was required from the beginning of each trial until stimulus offset. In the orientation-discrimination task, the Ss were instructed to attend to the static set while ignoring the moving bars. They were asked to report the dominant (coherent) orientation of the static bars. In the motion direction-discrimination task, the Ss were instructed to attend to the dynamic set while ignoring the static bars. They were asked to report the direction of dominant (coherent) motion. Responses were indicated on the arrow keys and intermediate keys: Home, PageUp, PageDown and End. Since in the texture task direction was irrelevant, the two keys associated with each orientation were interchangeable (i.e. the Up and Down arrowkeys served for the vertical orientation). In both tasks, accuracy was emphasized over response speed, and incorrect responses were signaled by a 500 ms beep on the computer loudspeaker. No response was required for pattern-onset control trials.
Experiment 4 A: effecti6e-radius
To study the degree to which information from different areas was useful in performing the tasks, the stimuli were modified after definition, but before presentation to the subjects (Fig. 7) . The nominal coherency for both texture and motion was 60%. Imaginary circles, centred on the fixation point, of varying radii (0.86, 1.73, 2.59 and 3.45°) were used on different trials. For the attend-motion task, the direction of motion of all bars outside of the imaginary circle was randomised. For the attend-texture task, the orientations of the bars outside the imaginary circle were randomised. This eliminated useful information outside of the imaginary circle. Thus, variations of this effective-radius allowed control of the area of useful information within each task.
Under the assumption that attention serves to restrict the area of information uptake, then different attentional-window sizes for the two tasks should generate different functions for accuracy as a function of effective radius. This was measured in a group of eight judges. The proportion-correct were corrected for the level of false alarms of each task (0.25 for the texture task, and 0.125 for the motion task) with the following formula: (P−FA)/(1 −FA). A rm-ANOVA was performed on the (corrected) percent-correct scores with RADIUS (four levels) and TASK (texture versus motion) as main effects.
Experiment 4B: VEP recording
Eight subjects participated in this experiment (see Table 1 ). These were different than the participants in experiment 4B.
Adjustment of task-difficulty
The difficulty in discriminating motion-direction was controlled by the percent of dynamic-bars moving in the same dominant direction. The difficulty in discriminating texture-orientation was controlled by the percent of static-bars oriented in the same dominant direction. These parameters were selected before the main VEP experiment in a session in which psychophysical curves were estimated for each subject with the constant-stimulus method. Four, equally probable, levels of coherency were used (20, 40, 60 and 80%) , distributed among a total of 320 trials (the whole session lasted about 20 min). Weibull functions were fitted to the data from each subject, and the coherency corresponding to 75% correct was estimated for each task.
Dual task interference
In order to confirm if dual-task interference was present in each subject, an additional block of trials was presented with the previously estimated coherency parameters. Subjects were instructed to attend both sets of bars (static and dynamic). They were asked to report first the dominant orientation of the static bars, and then the direction of dominant motion. This block included 200 trials, and lasted about 10 min. The dual-task accuracy scores were compared with the single-task measurements from the VEP session. Fig. 7 . Experimental design for experiments 4A and 4B. In the top row the procedure for generating the effective-radius of experiment 4A is depicted. For clarity, only the static texture elements are shown. On the left the original texture, with one orientation predominant over all the area. On the middle and the right progresively smaller effective-radii, where the orientation of the texture outside an imaginary circle is randomised. In the bottom row the complete stimulation situation with both the dynamic and static subsets. The two subsets are depicted as separated in depth for clarity only. The illusion of depth was very weak.
VEP session
The day after task-difficulty adjustment, two blocks of trials were presented in the same session (one for each task) with the goal of VEP recording. The order of task presentation was counterbalanced over subjects. The subjects rested between blocks. Each block included 400 trials. Half of these trials, selected randomly, were for pattern-onset control: all the bars remained static and no response was required. This resulted in a total of 800 trials in a session lasting about 40 min.
Eight derivations (T5, T6, P3, P4, O1, O2, Pz and Oz) were used. For every participant, averaged VEPs synchronized with motion-onset were obtained for all recording sites, for each stimulus condition. The VEPs from pattern-onset control trials were synchronized for averaging to the latency at which motion would have occurred. These VEPs were subtracted from those synchronized with motion-onset to eliminate the contribution of the pattern-onset VEP from the recording.
Results
Beha6ioral results
The dependence of mean accuracy in each task as a function of the effective stimulation radius is plotted in Fig. 8 . As effective radius decreased, accuracy decreased substantially. This was reflected in a highly significant RADIUS effect (F (3,21) =107.1, P B 0.0001). The accuracy for the tasks did not differ and the curves for the two tasks decreased at the same rate as a function of radius (the effect of TASK and the interaction of the TASK and RADIUS were not significant).
The mean percent of coherent texture necessary to reach criterion was estimated to be 56%, and the mean percent of coherent motion necessary for criterion was estimated to be 45%. The difference between the two estimates was significant (df= 7, t= 3.57, PB 0.01).
Mean percent-correct scores in the VEP session (see Table 3 ) were close to the 75% criterion. Accuracy did not differ reliably between the attend-texture and attend-motion tasks. Mean percent-correct for the attendtexture task in the dual-task session (see Table 3 ) was about 7% less accurate than the corresponding score in the (single-task) VEP session (df= 7, t= 3.61, PB 0.01). Percent-correct for motion discrimination was about 22% less accurate in the dual-as compared to the single-task session (df= 7, t= 7.97, PB 0.0001). Dual-task performance was about 13% lower for the motion than the texture task (df= 7, t= 2.85, PB 0.025).
Electrophysiological results
As in previous experiments, the amplitude of N170 was larger in the attend-motion than in the attend-texture tasks at the posterior sites (Fig. 9 ). This TASK effect was significant in a rm-ANOVA on the mean amplitude of the VEPs in the 150-221 ms time-window, that included the posterior sites (F= 10.2, PB 0.015). The effect of ELECTRODE (F =17.7, PB 0.0001), and the interaction of TASK and ELEC-TRODE (F=9.8, PB 0.0001) were highly significant. Planned comparisons evidenced that the N170 enhancement associated with attention to motion was significant at O1 (F= 11.1, PB 0.013), O2 (F= 12.3, P B0.01), Oz (F=12.0, PB 0.01), and T6 (F= 6.2, PB 0.04), but not at T5.
Discussion
The marked decrease in accuracy as a function of effective radius was a confirmation that both tasks were truly global. Accurate performance was possible only if information about coherent motion or coherent texture involving many elements over a wide area was available.
The 'zoom' of the attentional beam is considered to act in an identical manner as the effective-radius of our control: it imposes an'endogenous' limit on the area of visual-space from which information is collected (Eriksen & St. James, 1986) . The dependence of performance on effective-radius was equivalent for the two tasks. The data therefore suggest that both tasks use equivalent attentional-window sizes. In fact the levels of performance achieved in the VEP recording session (about 73% correct) would correspond to the use of an effective radius of about 2.6, which is about 57% of the total stimulus area.
By using coherency of texture and motion as parameters to be adjusted in each individual it was possible to equate the difficulty of the two tasks, as indicated by the their accuracy in the VEP session. When the subjects attempted to perform both discriminations at once, performance deteriorated. This dual-task interference was larger for the motion discrimination task, which may be related in part to the fact that this judgement was always reported second (Duncan, 1984) . Dual-task interference is an indication that attention could not be directed towards the dynamic and static sets of bars at the same time.
Despite the care taken to equate the difficulty and attentional-window size between the two tasks, a clear reduction in N170 amplitude was observed in the attend-texture as compared to the attend-motion condition. This indicates that the effect is related to switching attention between different sets of elements, and not to variations in the spatial layout of attention.
General discussion
Observation of the motion-onset-related potentials requires that the masking due to the pattern-onset response be avoided. This can be accomplished by introducing a sufficiently long delay between the two events, as shown in experiment 1. Taking this into account, the effects of attention on motion-onset VEPs was examined in several tasks by directing attention towards moving bars (by means of a directional-coherency judgment or a motion direction discrimination), or-in different trials-towards static bars. The spatial extent of relevant information in these tasks ranged along a hierarchy from purely local, to predominantly global. Attention was diverted towards the static bars by means of a color-based visual search in experiment 2, texture-border detection in experiment 3, and global texture-orientation discrimination in experiment 4. In all the experiments an enhanced N170 was found when attention was directed towards the moving bars relative to when attention was directed towards the static bars.
The latency and topography of N170 was not modified by the attention related amplitude modulations. This indicates that these early changes resulted from the gain-control of an exogenous component and not the modulation of an SN (see Section 1). These results are different from those of a previous study with VEPs elicited by moving stimuli, which found modulations of early components (the P1/N1 complex) only when spatial selection from different hemifields was involved. This discrepancy is probably due to the simultaneous onset of pattern stimuli and their motion in the former study. As mentioned above (see experiment 1) this simultaneity produces a brain response dominated by the pattern-onset VEPs. Motion has been reported to capture attention only when it is task relevant (Yantis, 1993; . Hence, the motion-onset VEP may be more sensitive to attentional selection based on non-spatial attributes than the pattern-onset VEP.
The attentional modulation of N170 reported here is consistent with a previous report (Valdes-Sosa et al., 1994 ) using similar stimuli but a different design. There, two types of motion, coherent and incoherent motion, were discriminated. In an easy version of the task, 100% coherent motion was discriminated from 0% coherent motion. In the difficult version, 50% coherent motion was discriminated from 0% coherent motion. The N170 amplitudes were larger in the difficult task than in the easy task, which was probably related to the more intense scrutiny required for the former, as reflected by increased reaction times, lower accuracy and longer duration of the alpha event related desynchronization.
Since the static and dynamic bars were interspersed in the same region of space, a simple 'spotlight' model of attention can not explain the modulation of N170. The strongest evidence against spatial filtering comes from experiment 4, where careful controls ensured that task-difficulty and the spatial extent of the attend-texture and attend-motion were equivalent. In particular 'effective-radius' was varied by randomising slant or direction outside of an imaginary circle. In experiment 4, both tasks depend on effective-radius in a similar fashion, which suggests that they would also vary with the 'zoom' of an attentional spotlight in an analgous maner.
While the results are difficult to explain on the basis of a spatial filter, they are consistent with the motionfilter advanced by Driver and collaborators (McLeod et al., 1988; McLeod et al., 1991; Driver & McLeod, 1992; Duncan, 1995) . This filter is conceived as implemented by MT and allied structures in the visual motion processing pathways.
Interestingly, several lines of evidence have linked the motion-onset N170 to activity in this pathway that includes MT. The amplitude of N170 falls off as a function of retinal eccentricity at a slow rate (Schlykowa et al., 1993) . This pattern is consistent with the retinotopic variation of magnification factor in MT. In contrast, the variation of the amplitude of P100 (elicited by pattern-reversal) is more consistent with the mapping of the magnification factor in V1. Moreover, the amplitude of N170 is large even for low values of stimulus contrast (Kubová et al., 1995) , which corresponds to the firing behavior of cells in MT and of their magnocellular input (Logothetis, 1994; Snowden, 1994) . Also, several studies (Anderson, Holliday, Singh & Harding, 1996; Patzwahl, Elbert, Zanker & Altenmü ller, 1996) suggest that event related magnetic fields related to N170 have sources near the occipitaltemporal junction, in what is believed to be the human homologue of MT/MST.
An involvement of MT and MST with attention is supported by a recent study by Treue and Maunsell (1996) . In one of their experiments, two dots moving in antiphase were placed in the same receptive field and the monkey was instructed to attend to only one of the dots. Strong responses were elicited when the attended dot moved in the preferred direction of the cell, but no response was observed when the unattended dot moved in the same direction.
Finally in a recent f-MRI experiment (O'Craven, Rosen, Kwong, Treisman & Savoy, 1997) , attention was directed either to moving stimuli or to spatially interspersed stationary items, a design very similar to that employed in the present study. A relative activation of the MT/MST areas was found when attention was directed towards the moving objects as compared to when it was directed towards the stationary items. There is the possibility that this differential cortical activation is related to the modulations of N170 found in the present article.
A different, but related, line of work has examined the attentional modulation of motion-onset VEPs elicited by abrupt changes in the direction of one of two components of transparent motion (Valdes-Sosa et al., 1998) . Attention was drawn to one or the other of two sets of dots, each of which that moved coherently. Each set therefore induced the percept of a surface defined by 'common fate'. The motion VEPs elicited by direction changes in the unattended set of dots was strongly suppressed. This sensitivity of the motion-onset VEP to attentional modulations is somewhat analogous to what was described in the present article but could mediated by different selection mechanisms.
The two components of transparent motion in the former study were perceived as surfaces in the former study. In the present experiment, for half of the trials motion was incoherent which discouraged perception of the set of moving bars as surfaces. The present study is more similar to one condition used by McLeod et al. (1991) , in which a moving letter (e.g. an 'X') had to be searched for amidst incoherently moving distracters (e.g. 'O's) and stationary distracters (e.g. 'X's). Speeded detection relative to control conditions was found despite the incoherence of the moving items, indicating that the stationary items were effectively filtered out. The authors concluded that the motion filter did not necessarily require grouping of items by common fate. Our results agree with this conclusion.
That a similar attentional modulation of N170 is found in conditions so dissimilar, indicates different types of selection are mediated by common mechanisms that can be flexibly programmed to search for different 'templates' (Desimone & Duncan, 1995) . The whole series of experiment also converge in challenging a unique role for space in attention, by showing that selection between entities segregated by relative motion is related to modulations of early VEP components previously thought to be sensitive only to spatial selection.
